Introduction:
Interfirm heterogeneity within industries is a research area of major importance both in the strategic management literature and the industrial economics literature. The concept of strategic group of firms as key factor in analysing industrial structure and industrial dynamics (Miles and Snow, 1978; Caves and Porter, 1977; Porter, 1980) and causal ambiguity (imitation being uncertain) as the basic factor explaining mobility barriers (Lippman and Rumelt, 1982) have stressed the existence of persistent interfirm differences as common industry features. This research proposes that a deeper understanding of the origins of within industry interfirm differences is achieved by focusing on the characteristics of the firm's knowledge base from the theory of capabilities of the firm.
The purpose of this paper is to explore and expand the empirical foundations of the capabilities theory of the firm, by focusing on one main question: can we characterise firms' knowledge bases in a way that demonstrates systematic differences in firms' performance?
The Spanish pharmaceutical industry provides the setting for the study as an industry behind the technological frontier, where different commitments to technological catchingup processes by firms are possible. This is one of the value added aspects of this research insofar as most of the huge literature dealing with the pharmaceutical industry is focused at the technological frontier level, obscuring our knowledge of incremental learning processes taking place in technologically backward firms.
The structure of the present paper is as follows. Section 2 reviews the basic insights of the strategy literature on firm differences within industries. Section 3 defines the characteristics of the industry studied in this paper and lays out the questions we address. In sections 4 and 5 the methodology used to identify strategic groups according to the different degree of capabilities accumulation is developed. Sections 6, 7 and 8 discuss the questions raised. Finally, section 9 sets out our conclusions.
Towards an endogenous concept of mobility barrier to understand interfirm heterogeneity
The concept of mobility barrier is crucial in the economic literature dealing with the analysis of within industry interfirm heterogeneity (Caves & Porter, 1977; Hatten & Schendel, 1977; Miles and Snow, 1978; Porter, 1979 Porter, , 1980 Lippman & Rumelt, 1982) . A mobility barrier is a limitation on replicability or imitation, inhibiting the movement of a firm from one strategic position to another, or using another conceptual perspective, from one production function to another. However, most of the literature dealing with the analysis of interfirm heterogeneity provides no understanding of what factors are behind the firm's ability to create mobility barriers. In some cases, this is because the concept of mobility barrier and strategic choices are indistinguishable; in others because they are considered to be specific to firms and idiosyncratic -and thus exogenous to the industry structure. Both cases are discussed below.
a) The contribution of the strategic management research (SMR) in rescuing the concept of conduct is worth noting (see McGee & Thomas (1986) for a literature review on this subject; also White, (1986) ). The active role of firm conduct has been reduced in most of the research belonging to the structure-conduct-performance paradigm of Industrial Organisation theory, to a mechanistic role driven by industry structure. By stressing the role of firm conduct not only in terms of its implications for performance but also its implications for firm organisation and the configuration of industrial structure, SMR has improved our understanding of industrial dynamics. One of the contributions of SMR is the concept of strategic groups and the empirical evidence showing that industries present a variety of firm strategic groups (Hunt,1972; Porter, 1979) . The concept of strategic group is based on the notion that group membership is characterised by the sharing of distinctive structural characteristics. These group defining structural characteristics contains "obvious bases for entry barriers that vary among groups" (Caves & Porter, 1977: 252) . Therefore, the crucial factor profiling the strategic groups is the type of mobility barriers shared by firm members.
However, in the SMR approach strategic choices about market breadth and resources, on the one hand, and mobility barriers, on the other, are automatically connected, leaving obscure the factors explaining: (1) why certain firms are able to make some strategic choices and not others, and (2) why certain type of market scope and resource commitments involve long term, sustainable mobility barriers while others provide only transitory or no advantage. The SMR approach makes strategic choices and mobility barriers somehow indistinguishable, and building an entry barrier is synonymous with a certain type of resource commitment strategy, with the assumption that mobility barriers are perfectly known to firms.
b) The concept of causal ambiguity is crucial in the economics literature to understanding the sources of persistent interfirm heterogeneity. "Ambiguity as to what factors are responsible for superior (or inferior) performance acts as a powerful block on both imitation and factor mobility" (Lipmman & Rumelt, 1982: 420) . However, in their analysis uncertain imitability and uncertainty involved in the creation of a new production function are considered as irreducible uncertainties (there is no purposeful learning), and interfirm heterogeneity is modelled as being a random distribution of production function efficiencies.
However, as long as firms are able to accumulate and create knowledge, they are potentially able to reduce the causal ambiguity inherent in their current problem solving activities as well as the uncertainty regarding new processes. Therefore, an analysis of interfirm heterogeneity should relax the assumption of irreducible uncertainty in favour of a specific model of opportunity creation and exploration. On the other hand, we are interested in identifying the resources for successfully confronting causal ambiguity. Therefore, considering a random distribution of such resources is not satisfactory. Again, what is needed is a deeper understanding of the process by which firms create their own, distinctive solutions that lead to the analysis of the learning processes within the firm. The understanding of this learning and creative process is important not just to identify different learning patterns (and then a dimension through which firms may differ) but also because it is at the root of the sustainable competitive advantage: creating new questions which the creator may be the best positioned to answer (by being a successful innovator, the firm not only may be better positioned than others to confront new challenges, but also may push the frontier by increasing the degree of uncertainty with which the competitors will be confronted if they decide to enter the new technological fields). In other words, by focusing on the capacity of the firm to create knowledge, it is possible to understand mobility barriers as a dynamic and endogenous process embedded in industry dynamics.
Following a Penrosian approach, building a long term, persistent entry barrier requires not only a resource commitment from the firm, but also a capacity to obtain distinct services from those resources. What it is lacking in both the SMR approach and in Lippman and Rumelt's approach is a deeper understanding of the distinct processes taking place within each group membership in building its specific entry barriers. Moreover, analysing these processes would provide us with a much clearer understanding of the industry structure evolution. It should be possible then to understand why: a) strategic groups within industry may change their profiles and why their number fluctuates over time, and b) group members may depart from one group and join another. To understand these two features of industry dynamics further insight into the process of building entry barriers is needed where the role of knowledge creation becomes explicit, and thereby, our understanding of the distinct services rendered in a given type of resource commitments.
The capabilities theory of the firm provides us with a conceptual framework suited to respond to the questions raised above. The capabilities theory of the firm considers: a) the firm as a repository of knowledge: not just an information processor reacting to external stimuli, but a locus of knowledge storage, creation and diffusion (Nelson & Winter,1982; Fransman, 1994) ; b) knowledge incompleteness (Dosi & Egidi, 1991) as a source of uncertainty which puts learning processes in a central role of human behaviour in their attempt to shorten the competence gap in problem solving activities; c) problem solving activities become the unit base of knowledge creation: they drive the direction of efforts devoted to upgrading capabilities by highlighting inconsistencies between desired actions and available capabilities (Pisano, 1997; Iansiti & Clark, 1994; Dosi & Marengo, 1993) .
Using this framework, it can be argued that by focusing on the key activities underlying the competitive process in an industry it is possible to have a better understanding of firm differences in degree of capabilities accumulation, formation of strategic groups, and sustained differences in performance. Following Ansoff (1965) and Chandler (1990) in defining the firm's capabilities profile, three functional areas, common to firms in all industries, can be identified in which capabilities are developed: operational area (manufacturing), research and development, and marketing. Obviously, the pertinent variables to be considered in each functional area are industry specific.
3. The case for study: the Spanish pharmaceutical industry Most of the literature dealing with the analysis of firm's distinctive knowledge accumulation focuses on industrial contexts characterised by high technological opportunities -industries where technological innovation can yield decisive product differentiation or production cost advantages (see Klepper & Simons (1997) , Cockburn et al.(2000) , Holbrook et al. (2000) ). However, studies about the role of learning processes in industrial contexts with low technological opportunities are less common.
We are going to focus on a particular industry case characterised by two features. First, a competition process driven by horizontal product differentiation 1 where: (i) set up costs are low, (ii) there is weak price competition after product introduction, and (iii) there is a high degree of market segmentation, with a low degree of product substitutability across market segments (both on the demand side -weak price elasticity across product varieties-and on the supply side -weak economies of scale). In this context, industrial economic theory predicts low levels of concentration in equilibrium (Shaked & Sutton, 1990; Sutton, 1991) , characterised by a weak capacity of first movers to pre-empt entry.
Second, the industry is considered to be far from the technological frontier -where competition is driven by product quality differentiation. While in this case there is a potential economic premium for firms seeking to introduce product quality improvements, the risks involved are very high, particularly for (technology) latecomers. This is because latecomers confront the high entry barriers inherent in competition processes driven by escalation in product quality (where endogenous sunk costs are at work). The disadvantages derived from being a latecomer seem to outweigh any potential premium from innovation in this type of industry setting.
While this industry case may seem to be very specific, it can be argued that many industries in developing (and often in developed) countries share several of the features described above. The Spanish pharmaceutical industry fits well into these industry features due to the following characteristics: a) until 1992 Spanish patent law (regarding the pharmaceutical industry) provided the patent holder with a process patent, while the product patent was not considered; therefore, patent rights only affected the manufacturing process. b) two aspects of the regulatory framework have affected the conditions for price competition: (i) prices of drugs are regulated by the Ministry of Health (the price is established by considering total manufacturing costs according to the information provided by the pharmaceutical firms); (ii) a policy encouraging generic products has recently come into effect with approval of the "price of reference" decree in December 2000 2 .
c) the Health Authorities do not require a new product to be authorised to present therapeutic novelty (safety and, only since 1986, efficacy are sufficient). d) the pharmaceutical industry is segmented into therapeutic areas between which linkages are weak 3 .
Given this set of industry features where incentives for innovation have historically been undermined by ease of imitation, and horizontal product differentiation has been encouraged by a lax regulatory framework regarding product introduction, we would expect an industry structure characterised by a low degree of concentration -large number of firms with similar market shares-and low level R&D intensity ratios together with a high level of brand proliferation. Table 1 illustrates some of these characteristics. While data provided in Table 1 are consistent with theoretical predictions, there are two industry features that do not fit easily within these predictions. First, since the midseventies a reduced group of domestic firms has persistently occupied the leading industry positions, in terms of market share, increasing their size relative to the average size of the firm in the industry. Second, in the last 30 years some domestic firms have been able to introduce new active ingredients for which international patents (particularly in the US) have been granted, showing distinctive achievements in terms of product quality development. These trends lead us to question the extent to which the capabilities building process can impact on the firms' knowledge base and on firms' performance in industrial settings not characterised by high technological opportunities. In particular, we consider some basic questions:
1. Can we characterise firms' capabilities in a way that demonstrates systematic differences in firm performance in industrial settings that (i) present low technological opportunities and (ii) lie behind the technological frontier?
Furthermore, while ratios of R&D to sales are comparatively low in the case of the Spanish pharmaceutical industry, and brand proliferation seems to be a pervasive strategy, it is worth questioning the role of advertising and research in defining inter-mobility barriers. Therefore, we consider a second question: 2. Are current asset commitments in marketing and research relevant factors in building inter-mobility barriers?
We address these questions in sections 7, 8 and 9. In the next section we define the different activities along which pharmaceutical firms are believed to develop distinctive capabilities.
Identification of problem solving dimensions and measures of learning achievements
Pharmaceutical firms compete by seeking to discover and develop new drugs (Schwartzman, 1976) , by effective promotion (Sutton, 1998) , and by implementing the necessary conditions for efficient process development (Pisano, 1997) . Undoubtedly, competition at product level is the salient characteristic of the industry. The extent of resources devoted to product research for new molecules or for therapeutic improvements to existent ones positions the industry among the most intensive in R&D 4 -DiMasi et al.(1991) present evidence showing that the average cost of new drug development for US firms during the 1970s and early 1980s increased by 2.3 times in real terms in comparison with average costs in the previous decade (1965) (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) . Moreover, R&D in pharmaceuticals is an uncertain activity: the failure rates in product development are reported to be very high: in the late 1990s, of 100 molecules that entered development, only about 10 will achieve registration (Nightingale, 2000) . Lastly, being successful in launching a new product is not enough: few drugs win large sales. As reported by Schwartzman (1976) , not one company (among the 10 largest in the US market) required more than eight products (5 on average) to account for 50 percent of its total sales. It is not surprising then that, given the social importance of and the uncertainty involved in discovering and developing a new drug, product development has attracted most of the research interest.
However necessary they may be, resources devoted to R&D are not enough for success in the pharmaceutical industry. Sutton (1998) provides empirical evidence of the relevance of promotion activities: (1) about its effectiveness, where two products of similar therapeutic attributes (similar quality) have different market penetration because of different strategies in promotion, and (2) about its role as sunk costs, where promotion expenditures have accounted for percentages to sales higher than those corresponding to R&D 5 .
Moreover, detailing (sales force) accounts for a high proportion of the firm's total promotion expenditures (around 55%, according to Sutton (1998) ). If the firm has to reach different types of specialist physicians (because it is highly diversified in therapeutic fields) it not only needs a large sales force, but also a sales force with diversified expertise in multiple therapeutic fields. Pisano (1997) contends that process development is crucial in the pharmaceutical industry. His argument is that developing capabilities in the process development of pharmaceuticals (the process of scaling up the manufacture of a new molecule) is of utmost importance to enable product development to be completed before some critical date 6 . However, this paper does not focus on the process development of new molecules basically because the industry addressed is one in which few entirely new molecules have been developed. For this reason, this research focuses on other characteristic of the manufacturing process in the pharmaceutical industry: the development of manufacturing processes for formulation. Taking this issue into account responds to: a) compliance with good manufacturing practices is not an immediate outcome (McGinity et al., 1982 7 ; Schwartzman, 1976) ; b) the learning experience in a particular dosage form manufacturing process seems to play an important role in achieving low production costs, and also, the change to a new (new for the firm) manufacturing formulation process is not necessarily easy (Scott Morton, 1999) 8 ; c) 5 See J.Sutton, pp 219-227. However effective marketing expenditures in increasing the willingness of customers to buy the product are, this effectiveness has a ceiling imposed by (1) the quality of the product (if product A is much better than product B, it is difficult to see that more marketing is going to render higher market share than that achieved by product A), and (2) the size of the prescribing physician population. Schwartzman (1976) raises the same observation concerning the first point: " a drug must have a valid therapeutic claim in order to become a big seller; advertising alone is insufficient for the success of a product" (pp.193). However, Schwartzman (1976) finds strong support for the beneficial effects of promotion in providing information to physicians (Schwartzman, Chapter 9) . 6 Pisano shows that process development is an enabler of product innovation: " In helping to reduce costs and accelerate lead times, process development can play an important supporting role in product development performance. (...) In pharmaceuticals and other industries, product innovation often cannot occur without a significant degree of process innovation. (...) Without new process technologies for fermentation, penicillin would have been no more than a research material." (pp.103). 7 McGinty et al.(1982) , concerning drug release from a tablet form, argue that the: "Drug must be released from the tablet into the gastrointestinal fluids for absorption to occur. The tableting of a medicinal substance allows for the introduction of several variables during the manufacture of the dosage form. Process and formulation variables can be adjusted to assure bioequivalence of generic dosage forms produced by different manufacturers but may also result in bioinequivalence (...) drug stability and physical tablet properties, such as color, shape, size, weight, hardness, and dissolution profile, must all be maintained within narrow limits for direct-compressed tablets. In addition to these properties, the characteristics and processing of tablets that inluence disintegration and drug release include: nature of diluents, process of mixing, granule size and distribution, nature of disintegrant, nature and concentration of lubricant, age of finished tablets, presence or absence of surface active agent, compressional force in production (...). It is evident from this list that the formulation of a stable and bioavailable product requires a thorough study of the physiochemical properties of drug and tablet ensure efficacy" (pp.307). 8 Scott Morton (1999): " it is much cheaper to prepare an Abbreviated New Drug Application (ANDA)
requiring equipment or procedures a firm already has in place. For example, a firm making its first topical finally, the fact of focusing on a behind the technological frontier industry is another reason to explicitly consider the firms' capabilities in formulation manufacturing processes. Given that the incremental nature of product improvement is closely related to formulation development, it seems clear that the accumulation of capabilities in formulation manufacturing should be an important part of Spanish pharmaceutical firms' learning processes.
In brief, focusing on the firms' learning achievements along these three problem solving dimensions, may allow us to identify interfirm heterogeneity both in performance and in resource commitments. Below we suggest some indicators for measuring learning achievements in product development, process development and marketing activities.
Product development:
This research distinguishes three degrees of knowledge achievements concerning product development.
a) "High degree of knowledge achievements" is calculated on the basis of the economic importance of those new products introduced by the firm that contain a new active ingredient developed internally by the firm.
The drugs included in this measure are not time constrained: any drug containing an inhouse developed active ingredient up to 1997 is included. The indicator is measured as the percentage of product sales in 1997 of those products containing an in-house developed active ingredient to total firm sales in 1997. In the Spanish case, all the products included in this category contain me-too molecule development. I have used the inclusion of these active ingredients in the Merck Index as a selection criteria (a benchmark for the assessment of the therapeutic importance of the own developed products). This variablenew products with own developed active ingredient-is labelled V5 in the following section.
b) "Medium degree of knowledge achievements" is calculated on the basis of the economic importance of those new products containing a new (in the Spanish market) active ingredient not developed by the firm (acquired through licence), introduced between 1990 and 1997.
So long as licensing-in implies some degree of knowledge integration effort by the firm, the introduction of these products is seen as an intermediate internal research effort at product level. This indicator is measured as the percentage of this type of product sales in 1997 to drug has to purchase a "cream line" years before it can be used regularly, and the firm's chemists have to work with tests and FDA standards that are new and unfamiliar. A firm that already makes creams will have a lower cost of preparing the same ANDA." (pp.428).
total firm sales in 1997 9 . This variable -new products with new active ingredient not developed internally by the firm-is labelled V4 in the following section. c) "Low degree of knowledge achievements" is calculated on the basis of the economic importance of those new products containing an existing (in the Spanish market) active ingredient introduced between 1990 and 1997. These are products that introduce a different formulation (different route of administration, pharmaceutical form, or dosage) of already existing active ingredients.
Unfortunately, we do not have enough information to distinguish different degrees of novelty across this type of product. As long as they do not involve new molecule development, we consider that the new formulations present a lower degree of knowledge achievement 10 .
This indicator is measured as the percentage of this type of product sales in 1997 (introduced between 1990 and 1997) to total firm sales in 1997. This variable -new products with known active ingredients-is labelled V3 in the following section.
Finally, information about sales at every product level (distinguishing by different pharmaceutical forms of the same product) is obtained from IMS data on sales. The year of introduction of the products, together with information concerning the "owner" of the active ingredient was gathered from a cross-check of four sources: Panorama Actual de Medicamento (a journal edited by the Spanish Pharmaceutical College Association), "Revista de Informacion Terapeutica del Sistema Nacional de Salud" (edited by the Heatlh Ministry), the Merck Index and interviews conducted with members of the industry.
Process Development:
Process development is studied through the manufacturing activities performed by firms on pharmaceutical forms. Two dimensions of manufacturing capabilities are considered: on one side, the scale of the manufacturing process; on the other, the scope of the manufacturing process (across the set of pharmaceutical forms produced by the firm).
a ) The scale of pharmaceutical form manufacturing capabilities, is measured as a percentage of the most important pharmaceutical form manufactured by the firm to total industry production of the same type of pharmaceutical form, weighted by the importance of the total industry pharmaceutical form production to total production of all types of pharmaceutical forms 11 . It is assumed that each firm manufactures all the pharmaceutical forms the firm commercialises. Manufacturing values are approached by the value of sales in physical units. This variable -scale of pharmaceutical form manufacture-is labelled V6.
b ) Process diversification measures the degree of manufacture diversification across the set of pharmaceutical forms that the firm commercialises. To calculate this variable the concept of the entropia diversification index has been used. The reason for using this measure of diversification is that it allows distinction between two types of diversification: across pharmaceutical forms and within a pharmaceutical form. This index is constructed as follows:
Given that N is the total number of products, M the total number of pharmaceutical form types, P i the share that each product represents in terms of total firm production (measured by sales in physical units), and Pj the share of each pharmaceutical form type in terms of total firm production: T.D. is total process entropia diversification, B.D. is between process entropia diversification, and W.D (T.D -B.D). is within process entropia diversification 12 .
Between process diversification is labelled V2 in the following section.
In brief, it is argued that the higher the degree of process diversification and the higher the scale of pharmaceutical form manufacture, the higher the firm's knowledge achievements in conducting manufacturing processes.
Marketing Activities:
This variable is intended to capture the degree of homogeneity of the marketing activities across the therapeutic classes in which the firm is active. The IMS anatomical classification of therapeutic categories is take at the four digit level. The within firm distribution of sales across therapeutic categories is taken as a proxy to measure the firm's degree of homogeneous diversification of marketing resources (expenditures) across therapeutic categories. Therefore, if firm sales remain equally distributed across therapeutic categories, this is taken as a first approximation for the fact that the firm is devoting similar amounts of marketing resources to each therapeutic category. So, the higher the degree of homogeneity in sales distribution across therapeutic categories, the more equally distributed the marketing resources across therapeutic categories. This variable is labelled V1 in the next section: marketing dispersion.
To measure this variable an adjusted Herfindahl index is used, through which dispersion (or concentration of firm's sales across therapeutic categories is computed, controlling by the different number of therapeutic categories in which the firm is active -which means that the dispersion index was calculated for all the firms as if they were active across the same number of therapeutic categories). Controlling for the number of therapeutic categories is done for two reasons: first, to avoid the fact of a different lower bound of the herfindahl index for each firm depending on the number of therapeutic categories in which the firm is active; second, to avoid biases stemming from the fact of a firm being larger, which generally is related to participation in a higher number of therapeutic categories and then, because of the first reason, inflating the degree of diversification for the larger firms 13 .
The construction of the marketing homogeneous diversification index is as follows:
, where si 2 is the share of each therapeutic category (at four digit of the anatomical classification) to total firm sales. This index is bounded between 1 and 0 (1 being complete sales concentration in one therapeutic category, and zero being a completely even distribution of sales across all therapeutic categories in which the firm is active) 14 .
In brief, it is considered that the higher the homogeneity in marketing dispersion across therapeutic categories, the higher the firm's knowledge achievements in marketing activities.
5. Statistical analysis for the identification of clusters 5.1. Definition of the boundaries of the case studied
The present research focuses on the Spanish pharmaceutical industry from the early 1980s to end of the 1990s. Only domestic firms were studied in order to have a better control of the learning processes origins, being sure that the capabilities estimated were effectively taking place in the firms analysed and not in the foreign parent companies. In total, 67 firms are analysed, accounting for 35% of the Spanish prescription market (using the IMS sales database), and 99% of the Spanish prescription market when only domestic firms are considered. Most of the firms included in the analysis are long time funded firms (from the end of the 19th century to the first four decades of the 20th century). While a few of them have been recently acquired by MNCs, they have been included in the study if they have remained a commercial independent unit.
Statistical analysis
Cluster analysis is used to classify firms into different groups, according to the firms' different degrees of capabilities accumulation. Six variables are used in the cluster analysis: marketing dispersion (V1), between process diversification (V2), new products with known active ingredients (V3), new products with new active ingredients (not developed internally) (V4), new products with new active ingredients developed by the firm (V5), and scale of pharmaceutical form (V6).
Three variables were transformed using natural logarithms (V4, V5, V6), and all variables were standardised using Z-scores. The correlation matrix (using Pearson correlation coefficients) shows that variables present low levels of correlation between one other (supporting the idea of using them all in the cluster analysis). The cluster analysis is conducted using a hierarchical method in order to identify the number of clusters. Given that all the variables are metric, the similarity measure recommended is the squared Euclidean distance (Hair et al.(1998) ). Also given that we are interested in identifying groups of similar, spherical shape, and given that the scatterplots among the six variables used in the cluster analysis almost never present well distinguished groups but a long cloud of observations with different degrees of density, the Ward grouping method seems the most appropriate in our case. Therefore, the Ward hierarchical clustering method and the squared Euclidean distance as a similarity measure were chosen 15 . A one way analysis of variance for differences between clusters for each variable allowed us to choose the five cluster solution as the one for which (according to Schaffe and Tuskey tests of multiple comparison between means) at least two clustering variables presented statistically significant differences in means between each pair of clusters.
In tables 2 and 3 the clustering variable profiles (using the raw values of the variables, not the standardised ones), and the analysis of variance (ANOVA) for differences between clusters, for the five cluster solution, are shown. Finally, to assess the robustness of the cluster result, some validation techniques were applied. First, a non-hierarchical cluster analysis with non-random seeds; second, a nonhierarchical cluster analysis with random seeds; and third, replication of the Ward method for random samples. In all cases, more than 90% of the cases are grouped in the same clusters as the five cluster solutions with complete populations. Even when all these techniques are necessary (not sufficient) conditions for validating a cluster solution, all three point to supporting empirically the five cluster solution chosen. Therefore, the cluster analysis allows us to conclude that different groups of firms can be identified according to the different degree of firm capability accumulation.
6. Are there significant differences in performance between clusters?
Performance variables provide a set of ex-post market interaction indicators from which to assess the economic relevance of cluster differences. The first research question is related to the extent to which the ability of the firm to expand its knowledge base -their capacity to create difficult to imitate and to replicate assets-leads the firm to capture higher market shares (Sutton, 1998) , or to obtain higher profits (Lippman & Rumelt, 1982; Dierickx & Cool, 1989) . According to the theory of strategic groups, those strategic groups that possess higher group specific entry barriers, and then are relatively more insulated from rivalry, will enjoy greater profit potential than those groups with lower group specific entry barriers (Caves and Porter, 1977; Porter, 1979) 16 .
Regarding the measure of performance, different indicators are analysed. As Cool & Schendel (1987) put it, the exclusive reliance on single performance indicators to draw inferences about intra-industry performance differences can be misleading: given that performance is a multi-dimensional concept, multiple performance indicators need to be employed. The variables addressing firm performance in this study are: (1) return on sales (mean for the period 1997-2000); (2) return on total assets (mean for the period 1997-2000) 17 ; (3) growth of firm's market share for the period 1983-1997; (4) an indicator of diversification using the Herfindahl index computed on sales distribution of the firm across therapeutic categories (at 1 digit level of the anatomic classification, based on 1997 data on firm sales) weighted by the market share obtained by the firm in each therapeutic category 18 ; (5) the mean value of the market share (at four digit therapeutic category of the anatomic classification) for the three most important (in terms of sales in 1997) firm's brands; and (6) the total market share achieved by the firm in the Spanish pharmaceutical industry (including both the prescription market and the OTC market) for the year 1997. While the first two measures of performance are aimed at capturing financial measures of performance, the other four are intended to capture firms' achievements in terms of market power and growth.
According to Table 4 firms in clusters 4 and 5 present higher levels of returns on assets and of returns on sales; however, they are only significantly higher than the values for cluster 3 (at 5% of significance) on returns on sales, and cluster 4 presents higher values than clusters 1, 2 and 3 (at 5 % of significance) on returns on assets . When clusters 1, 2 and 3 are considered together (borrowing from the three cluster solution of the cluster analysis), then it is possible to observe a clearer picture, where the joint cluster (1-2-3) presents significantly lower values than those of the other two clusters.
Regarding growth, only groups 4 and 5 present sales growing at higher levels than the aggregate pharmaceutical market for the period 1983-1997. In terms of the degree of competitive diversification, three patterns seem to emerge: one defined by firms strongly focused on a small number of therapeutic categories -clusters 1 and 2-; second defined by those clusters that present an intermediate degree of competitive therapeutic diversification -clusters 2 and 4-; and finally, a cluster with a high degree of competitive therapeutic diversification -cluster 5 19 . Therefore, cluster 5 presents the outstanding characteristic of being not only highly diversified across therapeutic fields but also achieving an even distribution of market shares across the therapeutic fields in which the firms are active.
Finally, in terms of total market share in the pharmaceutical industry, again clusters 4 and 5 present values that are significantly higher than those for clusters 2 and 3 (clusters 1 and 4 are not significantly different at 5% significance level). However, if we only consider the market share achieved by the three most important brands (those with higher sales to total firm sales) in their respective therapeutic fields (at four digit level), then there are no significant differences across clusters. Therefore, even when at the aggregate level of the industry, the difference in market shares is huge, when taking into account the fact of the market being strongly segmented into therapeutic fields, some small firms have high market shares in specific (though generally also small in volume of total sales) therapeutic areas. Notes: 1. Returns on sales and returns on assets are computed as profits to total firm sales and total firm assets, regardless of the importance of the pharmaceutical business to total firm sales and assets. Moreover, it was not possible to get information about profits for 8 out of the 67 firms, and a further 4 firms were excluded because of the biases introduced compared to the normal distribution within clusters; therefore, 55 firms were considered in the analysis and the firms' distribution across clusters is as follows: 4 firms in cluster 1, 9 in cluster 2, 21 in cluster 3, 16 in cluster 4, and 5 firms in cluster 5. Finally, when all firms are considered (the 55 for which profits are reported) mean profit ratio differences across clusters are significant at 0.1 significance level. 2. The market share for the whole period was not available for the whole set of 67 firms: it was not possible to get information on market share for 5 firms. Moreover, a further 4 firms were excluded, one for having been funded after 1983, and the other three for introducing biases on the within cluster normal distribution. It is worth noting that the One way Anova lead not to refuse the null hypothesis of equal means across groups when the growth period considered was 1990-1997. 3 . Market share is the percentage of firm's sales to total industry sales. To conduct an Anova test, the variable was transformed into natural logarithms to achieve normal distribution characteristics, therefore the data presented in the table corresponding to the F-test, are the result of conducting Anova on the transformed variable. The mean values presented for each group are the raw values corresponding to market share percentages.
In general, then, it seems clear that firms in clusters 4 and 5, those engaged in higher efforts of capability accumulation in the three fields defined above (product development, process development and marketing activities), are those that present indicators of better performance. These results are similar to those of Bierly & Chakrabarti (1996) , where, for the pharmaceutical industry, firms with a more aggressive knowledge strategy had higher financial performance.
Firms' differences in resource commitments
The literature on strategic groups posits that each strategic group presents a specific set of strategic variables -those which affect the height of the mobility barriers. According to this approach, Cool and Schendel (1987) propose a definition of the strategic group concept as "a set of firms competing within an industry on the basis of similar combinations of market scope and resource commitments" 20 . Again, these two components of strategic groups are still general, and the actual determination of the variables has to be arrived at through a deep knowledge of the industry studied given that the pertinent market scope and resource commitments are industry specific. These two general components that make the concept of group strategic choices operative are defined as follows: (1) market scope commitments which includes those decisions involving the range of market segments targeted within the industry, geographic scope, and degree of corporate diversification to other industries; (2) resource commitments which are defined as the level of deployment of material and human resources to specific, key -in order to obtain and maintain a competitive advantageactivities within functional areas, such as marketing, R&D and manufacture.
Using this framework, whether firms' current strategic asset commitments vary significantly across the clustering map derived from the capabilities accumulation indicators is investigated. It is argued that, even where differences are found across clusters in the relative market and resource commitments, none of them per-se provide a source of mobility barrier; the strategic choice needs to be combined with the firm's internal capabilities to efficiently exploit those strategic commitments. Firm resource commitments in two strategic assets -marketing and R&D-are studied.
Marketing resource commitments
All the variables considered here attempt to gather information about firms' resource commitments in marketing activities. The indicators used are the following: (1) marketing expenditures to total sales (considering only sales and marketing expenditures in the pharmaceutical industry, not in any other activity in which the firm may be involved); (2) the percentage accounting for marketing sales force expenditure to total marketing expenditures (the other two components of marketing expenditures being mailing, and advertising in medical journals); and (3) the marketing expenditure per employee.
From the data presented in Table 5 it is possible to conclude that the mean values for marketing expenditures to sales (marketing intensity), sales force to total marketing expenditures, and marketing expenditures to total employees, are not significantly different across clusters. In other words, regardless of the cluster chosen, similar marketing expenditure intensity is undertaken across clusters. This is surprising as long as, as the cluster analysis established, significant differences across clusters exist in terms of the dispersion of therapeutic categories in which the firms are involved. Therefore, regardless of the degree of diversification in marketing activities across therapeutic fields, firms devote similar efforts to marketing in terms of amount of resources relative to firm size 21 .
However, while advertising intensity is not significantly different across clusters, firms follow different strategies towards branding, and absolute resources to marketing are also very different. As Table 6 shows, clusters 2 and 3 present a higher number of brands relative to employees and to total marketing expenditure. This fact underlines that there are differences in product differentiation strategy: these two clusters are characterised not by any introduction of highly qualitative products, but present a significantly higher number of brands launched into the market relative to number of employees and total marketing expenditure. Clusters 4 and 5 present both the highest levels of marketing expenditure per brand, and the highest levels of absolute marketing expenditures. Notes: (1). There are 6 firms for which no marketing expenditure data were reported in IMS (for 1998). (2) There are no data on marketing expenditures for the same 6 firms, and 3 firms which were considered outsiders were reported to have 0 salesforce expenditures. Their zero values on salesforce expenditures may be related to their presenting a low percentage of sales in the pharmaceutical industry to total sales. For this variable, LSD test of mean differences shows a significant difference (at 5% significance level) between clusters 2 and 3. (3) For this variable the Levene test of homogeneity of variance across groups does reject the null hypothesis of equal variances. A non-parametric ANOVA was carried out in this case (KruskalWallis one-way analysis of variance), leading to a null hypothesis of equality of marketing relative to employment across clusters not being rejected.
In brief, firms across all clusters present similar levels of resource commitments in marketing activities relative to firm size, but very different patterns of product differentiation through branding emerge, and also very different scales of marketing activities. Clusters 2 and 3 sustain a large portfolio of brands per employee, while clusters 4 and 5 present a pattern characterised by a lower number of brands to sales and a higher amount of resources devoted to marketing per brand. These results lead us to question whether marketing expenditures create entry barriers (for example, by creating brand royalty to those brands with higher associated marketing resources) or whether they play a pro-competitive role (as an instrument oriented to brand renewal). To analyse this question, the role of advertising to sales across 57 therapeutic categories 22 was studied. The objective was to see whether there is any link between the degrees of advertising intensity across therapeutic categories, and different indicators expressing the type of product competition through branding. Three indicators were studied: the level of market concentration (through the market shares of the first product, the first two products and the first four products), the average age of the first four products in each market segment, and the dispersion of ages among the first four products (standard deviation of the first four product ages in each market segment). Therefore, if advertising to sales is hypothesised to have a pro-competitive effect, we should expect that, the higher the advertising to sales ratio, the lower the level of concentration (i.e. where any single brand remains isolated from competition through the effects of advertising), and the lower the average age and the age dispersion of the most important products competing in that market segment (few old products remain in the competition). Table 9 shows that, while the correlation coefficients are not high, the sign of the correlation supports the hypothesis that advertising plays a pro-competitive rather than a barrier to entry role 23 . (1) Because of lack of information, only 3 clusters have been considered (according to the 3 cluster solution obtained above). Therefore, in the case of R&D employment, cluster 1-2-3 (originally containing 41 firms) is represented by 8 firms, cluster 4 (originally 20 firms) is represented by 9 firms, and cluster 5 (six firms) is represented by 5 firms. For R&D to sales and R&D mean, joint cluster 1-2-3 is represented by 11 firms, cluster 4 by 15, and cluster 5 by 6 firms.
(2) According to Scheffe and Tuskey tests, mean differences lie between cluster 5 and the other two clusters. (3) According to Scheffe and Tuskey tests, mean differences lie between cluster 5 and the joint cluster (while cluster 4 is not significantly different either from the joint cluster or from cluster 5). (4) R&D is expressed in million ptas., and is calculated as the mean R&D values for the period 1990-94. The variable was transformed to logarithms; original unit measures are expressed in the table. Source: Author's elaboration from ESEE and Plan Pharma (Ministry of Industry).
In Table 8 clusters 1, 2 and 3 have been joined together to form one single cluster in order to increase the degrees of freedom in conducting Anova. This cluster grouping is justified according to the 3 cluster solution obtained in the cluster analysis. It shows that firms belonging to different clusters conduct significantly different levels of R&D to sales, conduct R&D activities on different scales, and also present significant differences in the percentage of R&D employees to total employees. In this case, it is cluster 5 that presents significantly higher values in comparison with the joint cluster, while cluster 4 remains in an intermediate position but significantly far from the mean values of cluster 3 (and not significantly different, on average, to the values presented by the joint cluster). The distance between clusters becomes more explicit when considering the absolute number of employees involved in R&D activities: while cluster 4 presents higher values than the joint cluster, it is still much further from cluster 5 than from the joint cluster. Therefore, there is evidence from Table 8 to conclude that cluster 5 is engaged in R&D activities to a greater extent than any other cluster, not only in absolute terms (total amount of R&D employees and total R&D expenditures) but also in relative terms (R&D expenditures to sales and R&D employees to total employees). Moreover, cluster 5 is the only cluster for which the proportion of R&D to sales is larger than the proportion of marketing expenditures to sales.
This distinctive role of cluster 5 in R&D activities is in line with the profile derived from the cluster analysis, where cluster 5 is characterised by having developed higher levels of capabilities in product development, being the only group of firms having been granted patents internationally for developing new active ingredients. Therefore, in this case, it seems plausible to conclude that the firm's commitments in certain type of assets (R&D activities), is related to the process of capability building in upgrading product quality and then in creating distinctive mobility barriers.
8. Interpretation of cluster profile: the relationship between capabilities accumulation, firm strategy and structure
The five cluster solution profile, presented in Table 1 , together with the analysis of firms' current strategic commitments, lead to the following interpretation of capability accumulation patterns: a) Cluster 1, with only 5 members, is characterised by a high level of pharmaceutical form scale manufacture, the lowest level of marketing dispersion, and lowest level of new products with known active ingredients. The 5 are strongly concentrated in a few therapeutic fields, and also in the manufacture of a few pharmaceutical forms. They did not introduce new highly qualitative products during the period 1990-1997, and this group showed the lowest performance level in introducing new formulation products of already existing active ingredients over this period . This group can be viewed as the "manufacture and therapeutic specialised" group. b) Cluster 2, with 11 members, is characterised by having the highest level of firm's sales stemming from new products with known active ingredients relative to the total number of products commercialised. These firms also present the lowest level of scale in pharmaceutical form manufacture, and an intermediate level of marketing dispersion. Moreover, they have, together with cluster 3, the largest number of brands relative to total employees. Therefore, the high proportion of their total sales accounted for new formulations introduced over the period 1990-1997, and their being relatively specialised in therapeutic fields lead us to classify them as: "horizontal product differentiation oriented and therapeutic specialised". c) Cluster 3, with 25 members, is characterised by high levels of marketing dispersion, with intermediate levels of both new products with known active ingredients and between process diversification. This group presents a low scale of pharmaceutical form manufacture but a medium-high degree of diversification of pharmaceutical form manufacture embedded in products dispersed across a large variety of therapeutic fields. However, no new highly qualitative -therapeutically novel-products were introduced in the period 1990-1997. Moreover, this is the group with the highest percentage of marketing expenditures to sales, and the highest number of brands relative to total employees. Therefore, this group can be characterised as "horizontal product differentiation oriented and high marketing dispersion". c) Cluster 4, with 20 members, is characterised by high percentage of total sales accounted for by new products with new active ingredients licensed during the period 1990-1997, which can be a measure of the firm's efforts in integrating new technologies and external knowledge. This group presents an intermediate scale of pharmaceutical forms manufacture, and a high level of marketing dispersion capabilities. Moreover, this group presents the second highest marketing expenditures to sales ratio (behind cluster 3) and an intermediate level of brands to total employees ratio. The fact of being involved in a comparatively very active technology acquisition process based on the licensing-in mechanism, but not having been able to introduce in-house developed active ingredients 24 , leads this group to be characterised as the "product quality knowledge integration oriented" 25 .
d) Cluster 5, with 6 members, is characterised by being the only group that presents positive values in new products with in-house developed active ingredients 26 . This group also shows high levels of marketing dispersion and the highest level of between process diversification and scale of pharmaceutical forms. While this group does not differ significantly from the others in the resources devoted to marketing relative to sales, it presents the highest level of marketing resources per brand. This characteristic can be related to this group introducing products with comparatively higher degrees of therapeutic novelty, and thus, products that need a different type of marketing strategy 27 . Cluster 5 also presents a significantly higher level in the resources devoted to R&D than clusters 1, 2 and 3, both in relative and absolute terms. Therefore, this group is defined as "product quality innovation oriented".
This group labelling is borrowed from the arguments employed by Miller (1986) in his typology of strategic configurations, when distinguishing that Porter's differentiation strategy can be decomposed into two types: the innovating differentiators, and the marketing differentiators. While the former are characterised as searching for the launch of highly qualitative products, charging high prices, with a strong emphasis on R&D efforts, the latter are characterised as introducing products with a low degree of novelty, emphasising advertising and promotion efforts, with a broad portfolio of brands. According to this argument, clusters 4 and 5 will belong to the innovating differentiators, while clusters 2 and 3 will belong to the marketing differentiators. Figure 1 depicts the above discussed cluster profile. In brief, while the particular characteristics of the Spanish pharmaceutical industry regulatory framework (discussed in section 2) have encouraged a horizontal product differentiation competitive process, a group of firms has moved away from this strategic pattern. In particular, firms belonging to cluster 5 have managed to build technological capabilities that allow these firms to move closer to the technological frontier, a strategy characterised by a process of escalation in product quality. Therefore, concerning domestic firms, a dual structure picture of the Spanish pharmaceutical industry seems to emerge from this analysis; on the one side, a large group of small and medium firms competing only on the basis of horizontal product differentiation, where entry barriers are low and marketing plays a pro-competitive role, and profit margins are low; and on the other side, a small group of medium and large firms engaged in a process of technological capability upgrading, these firms competing not only on the basis of horizontal product differentiation but also on the basis of vertical product differentiation where profit margins are higher and resource commitments on research activities become unavoidable.
Finally, a few comments concerning some limitations of the analysis presented above regarding the dynamics involved in the within industry structure. First, while the cluster picture of the industry structure can be seen as a snapshot, it may be argued that this snapshot captures the within configuration of the Spanish pharmaceutical industry throughout the nineties, given that the clustering variables reflect a set of firms' structural characteristics covering the period 1990-1997. This conclusion does not contradict the argument that a different industry configuration could have been found had previous decades been studied. On the contrary, we would expect that a different clustering map could be identified if the same type of analysis was conducted to study the industrial configuration during the seventies: consistent with the argument in this research, a somewhat different degree of capabilities accumulation would have produced a likely different number of clusters and a different label characterisation for each one in comparison with the clustering map obtained for the 1990s. Moreover, the very important institutional changes that have taken place in Spain regarding the pharmaceutical industry 28 are additional reasons to expect different industry configurations over time.
Second, this analysis does not allow identification of whether changes in cluster membership have occurred since 1990. However, there is a preliminary measure of distance between clusters that allow us to hypothesise about the most likely membership changes between clusters. Table 9 presents a distance matrix between clusters stemming from the average squared Euclidean distance obtained in the cluster analysis. According to this matrix, cluster 5 emerges as the most dissimilar, the cluster that it is farthest from the others. While cluster 3 and 4, and clusters 3 and 2 seem to be those closer to each other (and thus, those among which membership changes are more likely). Finally, a descendent level of distance between cluster 5 and the other four clusters emerges: where cluster 1 is the most distant, going down to cluster 4 which is the one closer to cluster 5. (1) Tightness of a cluster is calculated as the average cluster distance (squared Euclidean distance) among cluster members.
Conclusions
Despite the fact that within industry interfirm differences and mobility barriers are an old field of research, little effort has been devoted to analyse what is the origin of interfirm sustainable differences over time. In this research it is argued that firms' accumulation of capabilities in key industry specific areas of competition may help us to understand both firms' differences in performance, and differences in resource commitments. First, it is shown that those firms with higher accumulation of capabilities are also those obtaining better performance indicators.
Second, it is shown that the clusters obtained according to their different degree of capabilities accumulation, present different current strategic asset commitments. However, it cannot be concluded that all current strategic resource commitments lead to the construction of mobility barriers. On the one hand, this is because certain types of asset commitment (i.e. marketing intensity) may have a stronger pro-competitive effect than an entry barrier effect. On the other hand, asset commitment is a potential source of the capability building process, but there is always inherent causal ambiguity between the amount of resources invested and the fruits of that investment (i.e. firms showing similar levels of marketing intensity display different marketing capabilities -measured as the dispersion of marketing activities across therapeutic fields). In other words, the differences among clusters are not necessarily well reflected by different resource commitments, but rather on the capacity to develop distinctive capabilities.
Finally, an area for future research should be noted. Regarding the fundamental factors underlying strategic group formation, a deeper understanding of firms' knowledge base and learning patterns seems necessary. In order to understand the construction of group specific entry barriers, firms' knowledge commitments (the type of problem solving activities in which the firm is involved) arise as promising candidates for within industry group characterisation (see Bierly and Chakrabarti (1996) as an example of empirical research presenting evidence on the link between firms' knowledge strategies and the strategic group structure for the US pharmaceutical industry). Therefore, it would be interesting to analyse: first, how the firm's knowledge base changes over time; 29 and second, the extent to which the strategic management of knowledge can be viewed as the distinctive axis along which different strategic groups may be identified.
We have shown that the capabilities theory of the firm allows us to identify interfirm heterogeneity in an industrial setting characterised by low technological opportunities. It is worth considering whether the dual structure identified for the industry case presented here could be extended to other behind the technological frontier industries.
